The objective of this study was to evaluate the standardized ileal digestible (SID) leucine levels in low crude protein diets on Performance, backfat thickness, longissimus dorsi depth and biochemical blood parameters of starting pigs. A total of 50 pigs, with initial weight of 11.14±0.24 kg; were distributed in a randomized blocks design with five treatments (1.10; 1.25; 1.40; 1.55 and 1.70% SID leucine), five replicates and two animals per experimental unit, comprised for a barrow and a gilt. The feed conversion ratio (FCR) reduced (P=0.018) due to the increasing SID leucine levels, without affecting other growth performance parameters (final weight, average daily feed intake, average daily gain, backfat thickness, longissimus dorsi depth and lean meat percentage). There was a quadratic effect for plasma triglyceride (P=0.049) and plasma urea (P=0.001). The optimal SID leucine levels obtained for triglycerides and urea were 1.16% and 1.24%, respectively, by associating the quadratic model with the Linear Response Plateu. Low crude protein diets with SID leucine levels up to 1.70% improved the feed conversion with desired urea and triglycerides concentration in blood plasma achieved at 1.16% and 1.24%, respectively.
Introduction
Industrial amino acids (AA) used in pig diets aims to meet its needs and provide a better diet formulation, decreasing nitrogen excretion and optimizes the growth performance. Branched Chain Amino Acids (BCAA) are consider essential AA, comprising leucine, valine and isoleucine, sharing the same enzymes for their oxidative transamination and decarboxylation's (SHIMOMURA; HARRIS, 2006) . Leucine appears to antagonize other BCAA, since the excess reduces the concentrations of valine, isoleucine and its keto acids in plasma and tissues (TANNOUS et al., 1966; . Different researches developed with rats (TORRES et al., 1995) , poultry (CALVERT et al., 1982; FARRAN et al., 2002) and pigs WILTAFSKY et al., 2010) reported negative responses in average daily gain (ADG) and a reduced feed intake in response an excess of dietary leucine.
Although leucine excess may be detrimental to growth performance, it also may affect cellular processes by stimulating and increasing protein synthesis through the activation of mTOR, and reducing the losses of endogenous nitrogen through the inhibition of protein degradation through its β-hydroxybutyrate, synthetized from α-ketoisocaproate (MANJARREZ et al., 2015) .
This paradox characterizes the need for researches that quantifies the requirement of standardized ileal digestible (SID) leucine for pigs, a challenge to the performance of these studies is the difficulty of inducing a leucine deficiency in the diet due to its high content in the ingredients (ROSTAGNO et al., 2011) . The main source of protein used in conventional diets (soybean meal) has low levels of valine (1.93%) and isoleucine (1.88%) when compared to leucine (3.11%) (ROSTAGNO et al., 2011) . Thus, conventional diets generally have an excess of SID leucine in relation to the requirements, which may affect growth parameters performance. Most of the studies were directed to the leucine antagonism with the other BCAA WILTAFSKY et al., 2010; GLOAGUEN et al., 2012) . This fact can also be associated with the greater importance given to valine and isoleucine, since they are the fifth and sixth limiting AA, respectively, in diets based on corn and soybean meal for pigs .
Furthermore, in conventional diets with a low crude protein (CP) content the inclusion of synthetic amino acids is required so that the diet formulation meets the ideal protein concept, thus nutrients are offered in exact quantities (NRC, 2012) . The fifth and sixth amino acid limiting pigs may be necessarily included.
The knowledge of the pig responses to different levels of SID leucine becomes important as a way of quantifying the requirements of this AA. Thus, the objective of this study was to evaluate SID leucine levels in low crude protein diets for starting pigs.
Material and Methods
The experiment was carried out in the Swine Sector of the Experimental Farm of Iguatemi, which belonging to the Universidade Estadual de Maringá (UEM). The experiment was approved by the UEM Animal Care and Use (Protocol n. 8538100616).
Fifty crossbred pigs (Landrace x Large White x Pietrain), 25 barrows and 25 gilts, averaging 11.14 ± 0.240 kg of initial weight, were distributed in a randomized complete blocks design with five treatments, five replicates and two animals per experimental unit (one barrow and one gilt).
Treatments consisted of five SID leucine levels (1.10, 1.25, 1.40, 1.55 and 1.70%). Following the recommendations of the nutritional requirements of the NRC (2012) for starting pigs (11 -25 kg). The experimental diets were formulated with corn, soybean meal, minerals, vitamins, amino acids and additives (Table 1 ). The CP content was reduced (15.16%) in relation to that suggested by Rostagno et al. (2011) (19.50%) , but the nitrogen level proposed by NRC (2012) was used. L-leucine was added to diets at the expense of the inert to meet SID leucine levels. Glutamic acid was used in order to keep the same nitrogen content in all experimental diets. The amino acid compositions of corn and soybean meal were determined at EVONIK Industries and the true ileal digestibility coefficients proposed by Rostagno et al. (2011) , were applied to the analyzed data.
Animals were housed in a nursery, with suspended pens (1.32 m 2 ) and a partly leaked floor, equipped with feeders, located in the front of the pen, and a nipple type drinker in the back.
Animals were weighed at the beginning and at the end of the experiment to determine the average daily gain (ADG) and the diets were weighed whenever provided to the animals to determine the average daily feed intake (ADFI) and feed conversion ratio (FCR).
At the end of the experiment, the animals were submitted to the evaluation of backfat thickness (BT) and longissimus dorsi depth (LD) through ultrasound equipment Aloka ® SSD 500 Vet, coupled to a 7.5 cm and 3.5 MHz probe. The P2 site, located at the last rib of the chest, was determined at 6 cm from the midline, where the site was cleaned and the images were kept. Afterwards, the measurements of BT and LD were performed by using Image Pro Plus ® software.
The lean meat percentage (LMP) was determined by using an equation to estimate this parameter (in vivo), as follows: Y= 60.69798 -0.89211S + 0.10560M; (VÍTEK et al., 2008) ; where Y = estimated percentage of lean meat; S = BT (cm); M = depth of the muscle at the measurement point.
After a 6-hour fast, cranial vena cava blood samples were collected and stored in tubes containing EDTA anticoagulant (CAI et al., 1994) to determine triglyceride, urea, total protein, total cholesterol and creatinine in the blood plasma. For glucose determination, the blood samples were collected into glass tubes containing sodium fluoride.
Blood samples were centrifuged at 3.000 RPM during 15 minutes and samples used for glucose determination were centrifuged during 30 minutes to obtain the blood plasma. Then 3 mL of blood plasma were transferred to Eppendorf ® type tubes.
The biochemical analyzes were performed by using enzymatic colorimetric Kits (Laborclin ® ), following the operational procedures described in the Kits, and the concentration of each blood biochemical component were determined by absorbance reading (BIOPLUS ® 2000 Spectrophotometer).
Data regarding performance, BT, LD, LMP and blood parameters were submitted to analysis of variance. The degrees of freedom related to SID leucine levels were deployed in orthogonal polynomials for regression fitting. The initial weight was used as a covariate for the performance parameters. Was used to assess the effect of performance, BT, LD, LMP and blood parameters x leucine levels. Data were also adjusted by the quadratic model associated and LRP model (SAKOMURA; ROSTAGNO, 2016) . Statistical analysis were performed by the Statistical and Genetic Analysis System -SAEG ® (2009).
Results and Discussion
The FCR reduced (P=0.018) as SID leucine increased in the diet, indicating a growth performance enhancement. The final weight (FW), ADFI, ADG, LD, BT and LMP were similar (P>0.05) between the SID leucine levels evaluated (Table 2) . Piglets fed diets containing 1.97% and 3.75% SID leucine showed a decrease in the ADFI compared to pigs receiving a control diet containing 1.09% SID leucine (WESSELS et al., 2016) . According to the authors, this feed intake reduction may be due to the competition in the uptake of amino acids, specifically in brain tissues, since the membrane transporters are the same for BCAAs and tryptophan, reducing the tryptophan concentration crossing this cephalic barrier and acting with the serotonin production, acting in the appetite regulation. In this sense, the SID leucine levels evaluated in this study should have not provided the same effects mentioned above, since the ADFI was not affected (P>0.05). However, SID leucine levels evaluated (1.10 -1.70%) were lower than those studied by Wessels et al. (2016) , indicating that commonly SID leucine levels found in commercial starting pig diets do not affect the feed intake.
Excess leucine (1.95%) associated with valine deficiency reduces the dietary protein utilization and the first response of the animal is the reduction in feed intake and, therefore, reduction in growth rate (GLOAGUEN et al., 2012) . The studied SID leucine levels (1.10 to 1.70%) associated with the SID valine meeting pigs requirements may explain the same feed intake (P>0.05) obtained (Table 2) . With feed intake similar to that recommended by the NRC (2012) with a requirement of 1.23% SID leucine when compared to Rostagno et al. (2011) whit a requirement of 1.081% of SID leucine.
However, an opposite trend was observed by Yin et al. (2010) supplementing L-leucine (1.88%) in diets with 16.9% of CP for weaning piglets, reporting that the ADG was better compared with piglets receiving the control diet (1.36% SID leucine), without affecting the ADFI, concluding that chronic L-leucine supplementation promotes the growth of muscle tissue, liver and gut.
As SID leucine levels increased (1.10; 1.25; 1.40; 1.55 and 1.70%) FCR improved (Table 2 ). An opposite result was found by Wessels et al. (2016) who observed that FCR was not influenced by excess SID leucine in the piglet diets. In the same way, Wiltafsky et al. (2010) , increased SID leucine in piglet diets, from 8 to 25 kg (1.29; 1.81; 2.09; 2.35 and 2.41%) and observed increased in FCR as dietary SID leucine levels increased. These results demonstrate that levels higher than those used in the present study (1.70%) may reduce FCR. The effects of SID leucine on FCR may be related to the expression of the cationic AA transporter (b 0,+ ), which is responsible for the absorption of leucine and lysine in the gut (GARCIA et al., 2015) .
A worse FCR was observed by Gloaguen et al. (2013) evaluating SID leucine:lysine ratios (70; 78; 86; 94; 102 e 130%) for 10 to 15 kg piglets, concluding that leucine excess (102 and 130%), as well as leucine deficiency (10% less SID leucine in the basal diet) negatively affected the productive efficiency of the piglets, also indicating that the SID leucine:lysine ratio of 102% is not necessary for protein deposition, but may be an important factor in the competition of AAs, which may increase catabolism, especially of valine and isoleucine.
The addition of L-leucine in low-protein diets may have adverse effects on animal performance, reducing feed intake and increasing FCR, even if results are not significant (ERWAN et al., 2009 ). However, a high variability in these results between the researches is observed, being the adverse effects usually observed when using high levels of SID leucine in low CP diets.
Leucine also stimulates the activity of mTOR, which is responsible for protein metabolism in muscle tissue (DRUMMOND et al., 2009 ). Many studies have demonstrated a high activity of proteins associated protein synthesis of piglets submitted to leucine infusions, after the first 24 hours of live (ESCOBAR et al., 2005; BOUTRY et al., 2013) . Similarly, Torrazza et al. (2010) observed that leucine supplementation in piglet diets with low CP stimulated protein synthesis in the LD, gastrocnemius and masseter muscles, and increased the anabolic capacity of organs such as the heart, jejunum, kidneys and pancreas.
Although leucine supplementation promotes muscle tissue growth (YIN et al., 2010) , the levels of SID leucine evaluated in this study did not promote the same effects as mentioned above, since the LD and LMP were not affected (P>0.05).
Regarding the plasma parameters (Table 3) , no differences (P>0.05) were observed for glucose, total proteins, total cholesterol and creatinine. However, triglycerides (P=0.0497) and urea (P=0.0014) were affected by SID leucine, fitting a quadratic model associated with the LRP model showing a lower triglyceride concentration (26.44 mg dL -1 ) at 1.16% SID leucine (Figure 1a ) and the best plasma urea concentration (Figure 1b ) was achieved at 1.24% SID leucine (13.54 mg dL -1 ). In the process of carbon catabolism of AAs, there are specific routes for each one. Metabolic intermediates such as Acetyl-CoA and AcetoacetylCoA form fatty acids, which are derived from the metabolism of ketogenic AA, such as leucine, responsible for the formation of ketone bodies such as energy and cholesterol stores (NELSON; COX, 2011), but increasing SID leucine levels decreased the plasma concentration of triglycerides at the level of 1.16% SID leucine (Table 3) , it was observed that there was no excess of triglycerides and consequently no deposition of fat although leucine stimulated adipogenesis and lipogenesis (MELNIK, 2012) . Studying the BCAA effects on triglycerides accumulation in the tissues of obese rats, Arakawa et al. (2011) observed that rats fed a diet with a high concentration of BCAA (2%) reduced the triglycerides levels in skeletal muscle and liver, concluding that this reduction was induced by BCAA, avoiding an increase in the concentration of triglycerides because its excess interferes with the uptake of glucose by the GLUT4 intracellular transporter, stimulated by plasma insulin.
Contrary to the findings of the present study, Duan et al. (2016) and Li et al. (2016) did not observe changes in plasma triglyceride concentrations evaluating diets containing 17 and 20% CP with different levels of BCAA for starting piglets, concluding that diets containing 1.44% and 2.35% SID leucine increased the concentration of intramuscular fat in the femoral biceps.
SID leucine levels did not affected ADFI and ADG, but improving FCR (Table 2) seems to indicate a better leucine use not affecting the other BCAA. However, it is know that urea is the main product of protein catabolism and when amino acids are not reused for the synthesis of new amino acids, or nitrogen products, the amino groups are directed to this final excretion product (NELSON; COX, 2011). This effect may had occurred below the 1.24% SID leucine level. The results of the present research suggest that SID leucine levels above 1.24% may have contributed to increasing BCAA catabolism and other AA, increasing the urea concentration in the blood plasma, indicating a high AA degradation. This was also found by Ren et al. (2015) reporting a reduction in plasma urea concentration (98.22 nMol mL -1 ) in piglets fed low CP diets (17.85%) supplemented with BCAA (1.38% SID leucine), indicating that in addition to the CP reduction the BCAA supplementation further reduces plasma urea concentration because it allows a better balance between the limiting AA in the diet.
On the other hand, the leucine excess in the diet is related to a greater degradation of valine and isoleucine, due to competition for the enzyme dehydrogenase of branched-chain α-ketoacid (HARRIS et al., 2001 ). This response was observed by Gatnau et al. (1995) , attributing the reduction in plasma concentrations of valine and isoleucine to a leucine excess and its metabolites in piglet diets. Thus, plasma urea concentration may be a good indicator of the amino acid degradation process. According to Reeds et al. (1987) , metabolic changes of excess leucine in the diet can be study by measuring urea synthesis and by leucine, isoleucine and valine turnover (HOLECEK, 2013) .
Leucine, in addition to changes in plasma concentration of urea and other AA, such as valine and isoleucine (MACOTELA et al., 2011) , stimulates the synthesis of muscle protein (PASIAKOS; McCLUNG, 2011) . Although the level of 1.24% SID leucine provided the lowest catabolism (lower nitrogen excretion), no significant effect was observed for LD (P>0.05). Similar results were found by Madeira et al. (2014) who did not observe any effect of leucine supplementation in low CP diets on performance or carcass traits.
The optimal SID leucine level (1.24%) obtained for plasma urea concentration, determined by the association of the quadratic model and LRP model, are close to that recommended by the NRC (2012) for 10 to 25 kg pigs (1.23% SID leucine).The use of industrial AA allows a formulation of diets with low CP content (LORDELO et al., 2008) , as in the present study (15.16% CP), taking into account the nutritional requirements of the essential AA and allowing an increase in the efficiency of nitrogen use in the diet. However, according to Mansilla et al. (2015) , the CP affects the concentration of endogenous nitrogen, which is an important for non-essential AA synthesis.
Thus, emphasizing the importance of CP content in body nitrogen deposition, indicated that 15% CP diets and leucine excess increased the catabolism of valine or isoleucine, reducing the nitrogen utilization of the diet and possibly affecting the deposition of muscle protein. However, did not observe changes in the body nitrogen concentrations of females fed diets containing 15% CP and excess leucine, concluding that even with high BCAAs levels in the diet, the concentration and retention of body nitrogen were not affected. Likewise, LD and LMP were not affected (P>0.05) by SID leucine levels, indicating that the retention of body nitrogen was not affected by SID leucine levels evaluated in the present study.
Conclusions
Low crude protein diets with SID leucine levels up to 1.70% improved the feed conversion with desired urea and triglycerides concentration in blood plasma achieved at 1.16% and 1.24%, respectively.
